INTRODUCTION 56
In marine ecosystems, larval dispersal and recruitment are the main processes 57 determining the population structure of species and understanding how they maintain 58 connectivity is crucial for effective management (Jones et al. 2009 ). Although our 59 understanding of larval dispersal in the marine environment has greatly improved over 60 the last several decades (Cowen and Sponaugle 2009) , much is still unknown. Most 61 marine organisms exhibit a larval phase where small larvae can, in theory, travel large 62 distances with ocean currents. Marine populations were thus generally thought to have 63 elevated gene flow and little population structure (Mora and Sale 2002) . This paradigm 64 has been largely disproven as many recent studies have revealed that genetic population 65 structure can exist across even small spatial scales and self-recruitment is often larger kinship on the evolution of social behaviors at sea have largely been ignored (Kamel and 102 Grosberg 2013). Therefore, more research is needed in order to understand how dispersal, 103 settlement and survival patterns of related individuals affect the structure of populations 104 in the marine environment. 105
106
In this study, we analysed fine-scale structure and dispersal patterns of a rocky shore fish 107 species, the black faced blenny (Tripterygion delaisi), using patterns of kinship inferred 108 from single nucleotide polymorphism (SNP) genotypes. We also used a novel approach 109 of binary data clustering to consider the effect of temperature on dispersal. Specifically, 110 we combine larval traits, such as pelagic larval duration, and evaluate selective dispersal 111 patterns via genetic marker heterogeneity in space. This approach is used to detect fine-112 scale patterns of dispersal of local and recent-migrant recruits, as well as differences 113 between early and late season individuals in a well-connected population of T. delaisi, 114 revealing patterns of relatedness that were not previous detected using traditional 115 methods. 116 METHODS 117
118
Study system and sample collection 119
T. delaisi is a small, common, rocky-shore fish from the Mediterranean Sea and the 120 eastern Atlantic (Carreras-Carbonell et al. 2006 ). Individuals of this species can live to a 121 maximum of three years and adults display high territorial fidelity (Wirtz 1978 were caught with hand nets, body length was measured, and dorsal fin clips were taken 133 non-lethally underwater, and then preserved in 95% ethanol. Adults were collected 134 during the length of their breeding season from April 2010 to July 2010. Juveniles were 135 also captured with hand nets on SCUBA between July and September 2010 and 136 subsequently used for genetic and otolith analysis. Sea surface temperature readings were 137 taken 5 m below the surface twice weekly with a Conductivity, Temperature and Depth 138 probe (CTD) at Las Medes Marine Reserve (approximately 40km north of the focal 139 sampling area in Blanes). 140 141 Two different spatial scales were studied. A ~2km stretch of coastline in the vicinity of 142 Blanes (Figure 1 determined by counting the number of daily rings visible between the core and the 170 settlement mark, and the age at sampling was determined by counting the total number of 171 bands from core to margin. We analysed the otoliths along the longest radius from the 172 centre to the edge and recorded otolith width during the pelagic larval period. We also 173 recorded the size-at-hatching (radius from core to first increment) and size-at-settlement 174 along the longest axis of the otolith. To minimize errors, all measurements were repeated 175 three times. Trait differences were statistically evaluated in R (v. To evaluate the spatial distribution of kinship we incorporated spatial structuring of 212 samples into the analysis. Latitudes and longitudes for each individual's sampling 213 location were used to find spatial clusters within the small-scale (Blanes) area as well as 214 in the large-scale sampling area. We found a subset of spatial clusters, with the highest 215 likelihood score, with the R package EMCluster (Chen & Maitra, 2015) and assigned 216 individual geo-localized samples to the respective spatial clusters. 217
To take into account the spatial signature of relatedness estimates, we averaged 218 individual genetic distances considering their spatial clustering across the study area. 219
Specifically, we computed the genetic distances of each individual with each of its 220 conspecifics in the same spatial cluster and with all other individuals (see Figure 2 ). As Figure S2 ). Individuals hatching in April can 250 have a planktonic tenure of up to 10 days longer than those hatching in July. No 251 significant differences were found between 'early juveniles' and 'late juveniles' for size-252 at-hatching (t = 1.73, p = 0.086) or size-at-settlement (t =-1.009, p = 0.32). Average PLD 253 was 19.5 days for early juveniles and 16 days for late juveniles and were significantly 254 different (t = 9.19, p = 2.596e-14). The data were found to be normally distributed and no 255 significant differences were found between recent migrant and local juveniles, as 256 categorized based on the relatedness ratio nor for any otolith characteristic (size-at-257 hatching t = 0.57, p = 0.56; size-at-settlement t = 0.25, p = 0.80; PLD t = -0.08, p = 0.94). 258 259 No significant differences in heterozygosity were found between juveniles and adults (t = 260 -0.53, p = 0.59) nor between early and late juveniles (t = -0.95, p = 0.34) for all loci 261 combined ( Figure S3 ). Small differences in heterozygosity between early and late 262 juveniles were found when analyzed locus by locus ( Figure S4 ). Relatedness also did not 263 differ between adults and juveniles (t = 1.301, p-value = 0.194; Figure S5 ). Due to a 264 longer PLD at the beginning of the season, individuals could potentially travel further 265 distances and disperse further and we might expect differences in the genetic 266 distance/relatedness of these individuals, given that T. delaisi larvae are able to travel 267 11.5km in 10 days (Schunter et al. 2014b ). However, the average relatedness values of 268 early juveniles (-0.00099±0.015) and late juveniles (-0.00027±0.015) were not 269 significantly different (t=-0.55, p-value=0.58) nor did the relatedness value distribution 270 differ between adults and juveniles ( Figure S6 into the small-scale area could potentially result in different spatial patterns for these 281 'recent migrants'. Adult migrants were differently distributed when compared to the rest 282 of adults (D = 0.72, p < 0.001) with some differences evident in the southernmost part of 283 the distribution ( Figure S7 ). However, 'recent-migrant' juveniles were not distributed 284 differently from the rest of the juveniles (D = 0.25, p = 0.6994), nor were spatial 285 differences found between early and late 'recent-migrant' juveniles in the small-scale 286 area (D = 0.125, p = 0.996; Figure S8 ). 287
288
Fine-scale spatial clustering analysis 289
With hundreds of pairwise relatedness comparisons per individual, it is difficult to detect 290 fine-scale genetic structure, although there could be spatial clusters. To evaluate genetic 291 clustering in space, we first found significant spatial clusters in the small-scale area for 292 both adults and juveniles (Figure 3 ). We found six spatial clusters for the adults and 293 seven in the juvenile samples. The additional cluster found for juveniles (SplClust6; 294 Figure 3b ) is in an area that could correspond to non-suitable habitat for T. delaisi, as we 295 found no adults and only a few juveniles. 296
297
The proportion of individuals in each cluster that came from the SHORT-range disperser 298 category varied from southwest to northeast along the coastline (Table S1 ). For juveniles, 299 the frequency of SHORT-range dispersers increased along the coast from the southwest to 300 the northeast, where they constituted 81% of all fish sampled, whereas the pattern was 301 reversed for adults; that is, the frequency of SHORT-range dispersers decreased from 302 southwest to northeast (Figure 4) . In contrast, HIGH-range dispersers, which could be 303 considered immigrants, were less frequent than SHORT-range dispersers at both life 304 stages/years of recruitment (adults likely recruited in 2009 and juveniles in 2010) and 305 were relatively homogeneously distributed along the coast (Figure 4) . 306 307 Juveniles born at the beginning of the season (early juveniles) and at the end of the season 308 (late juveniles) have differences in pelagic larval duration ( Fig S2) , and different patterns 309 were also observed for specific spatial clusters (Table 1) . Spatial Cluster 4 ( Figure 3 ) is a 310 rocky reef patch called 'La Roca' that is separated from the coastline by sand and has the 311 furthest distance from shore. In Spatial Cluster 4, at the beginning of the season (with 312 longer PLDs), only HIGH-range disperser juveniles were found ( Figure 5 The proportion of HIGH-range dispersers, and thus likely immigrants, was very low for 328 the large-scale dispersal area (Table 1) . As the large-scale area is almost 50km of 329 coastline, these individuals would have to come from even more distant locations. All 330 clusters had a higher proportion of SHORT-range dispersers than of MEDIUM or HIGH-331 range dispersers, except Spatial Cluster 5, which is the northeastern-most sample area, 332 which had a higher proportion of MEDIUM-range dispersers ( Table 1) , meaning that 333 individuals in this cluster had less genetic relatedness to each other and were more related 334 to the other locations from the southwest. 335 Table 1 : Proportion of individuals that belong to each spatial cluster in the large-scale 337 sampling area. The clusters correspond to Figure 6 . 338 analyses, we did not find any evidence of sweepstakes reproductive success, as genetic 406 diversity did not decrease between adults and juveniles within the breeding season. 407 Furthermore, relatedness did not differ for juveniles recruiting at the beginning or at the 408 end of the breeding season. Sweepstakes-driven patchiness thus seems unlikely, but 409 cannot be ruled out, as high variability in the number of contributing adults over time has 410 been shown in other marine fishes (Pusack et al. 2014 , Waples 2016 . Figure 3 ) in the SHORT-range disperser category, which are individuals with low mean genetic distance (MGD) with respect to their own spatial cluster and a high MGD with respect to other spatial clusters as well as HIGH-range dispersers, which have high MGD to all clusters. SplClust6 is not included because it was only found in juveniles and in very low frequency. 
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